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(57) ABSTRACT

A wall nng for a fan, with a fan wheel, includes at least one
heating element for heating the wall ring. The heating
clement includes an electrically conductive heating layer
which 1s disposed on the inner side of the wall ring facing
the fan wheel. The electrically conductive heating layer of
the heating element may be configured as an electrically
conductive CN'T coating having carbon nano-materials.
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WALL RING FOR A FAN WITH HEATING
ELEMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Stage of PCT/EP2013/
067475 filed on Aug. 22, 2013, which claims priority under
35 U.S.C. §119 of German Application No. 10 2012 108
449.1 filed on Sep. 11, 2012, the disclosures of which are
incorporated by reference. The international application
under PCT article 21(2) was not published 1n English.

The 1invention 1s directed not only at a wall ring for a fan,
comprising at least one heating element for heating the wall
ring, but also at a fan, comprising a fan wheel and a heated
wall ring, wherein the wall ring encloses the fan wheel of the
fan.

Fans, particularly axial fans, are used, among others, in
applications at very low temperatures, such as, for example,
for heat pumps or for evaporators in cold-storage rooms.
Such fans generally comprise a fan wheel and a wall ring
that surrounds the fan wheel. In this connection, there 1s the
risk of 1ce formation on the wall ring, and therefore the
blades of the fan wheel can freeze up on the wall ring. In
order to prevent such freeze-up, an electric resistance heat-
ing system 1s typically applied around the wall ring of the
fan, from the outside, in known fans, and the wall ring 1s
heated. In this connection, it 1s disadvantageous that a large
amount ol energy must be introduced in order to heat the
wall ring through sufliciently and to melt the 1ce on the inner
side of the wall ring. This 1s particularly problematical 11 the
wall ring consists of materials that have only low heat
conductivity. Furthermore, in this connection, a high pro-
portion of the heat energy 1s given off to the surroundings,
and this 1s undesirable, particularly 1in the case of cold-
storage rooms, because this additional heat energy then has
to be extracted from the cold-storage room later. Further-
more, 1n electric resistance heating systems, a line voltage of
230V 1s generally used, and this can represent a safety
problem under some circumstances.

In the document US 2006/0209532 Al, a fan configured
as a chandelier, having a wall ring for the fan, 1s described,
in which an electric heating coil 1s disposed on the inner
circumierence of the wall ring, 1n order to heat the air that

flows through the fan.

The document US 2005/0123396 Al describes an electric
oven having a wall ring for a fan, 1n which the housing of
the fan heats the air that flows through the fan. The housing
1s particularly produced from a duroplastic maternial and
impregnated with graphite or cast together with a graphite
material, whereby heat 1s generated by means of an electric
voltage applied to the housing.

From the document U.S. Pat. No. 1,991,280 A, an electric
heating system having a wall ring for a fan 1s known, in
which an electric heating ring 1s athixed on the inner cir-
cumierence of the wall ring.

In the document U.S. Pat. No. 3,465,124 A, an electric
oven having a fan 1s described, in which multiple heating
clements for heating the air are disposed on the circumier-
ence of the fan.

The document U.S. Pat. No. 3,525,851 A describes an
clectric oven having a wall ring for a fan, in which electric
heating elements are disposed in the wall ring.

From the document DE 20 2005 012 394 U1, an electric
heating module for heating room air and having a fan 1s
known, 1n which PTC heating elements radially distributed
in the housing of the fan heat the air stream through the fan.
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In the document GB 2 189 119 A, a heating fan 1s
described, in which a heating element that runs along the
circumierence 1s disposed 1n the fan housing and heats the
air stream by means of thermal conductors athxed to the
heating element.

All the known fans mainly serve to heat the air stream and
to achieve a heating effect for the surroundings by means of
the fan. The heating elements require relatively great power
with great energy consumption and are very complicated to
produce.

The mvention 1s therefore based on the task of making
available a wall ring for a fan, which ring prevents 1cing of
the wall ring and thereby freeze-up of the fan in particularly
energy-eflicient and reliable manner.

In a wall ring of the type described imtially, the task 1s
accomplished, according to the invention, 1n that the heating
clement comprises an electrically conductive heating layer
that 1s disposed on the 1nner side of the wall ning, facing the
fan wheel.

By means of the placement of the heating element on the
inner side of the wall ring, between the imnner side of the wall
ring and the ends of the fan blades of the fan wheel, the
heating element 1s disposed where ice predominantly forms.
Because the heating element 1s disposed on the surface of the
wall ring that faces the fan wheel, 1t prevents the formation
of 1ce, by means of direct heating of the heating element, 1n
that partial region of the wall ring that 1s covered by the
heating element. Furthermore, the heating element heats its
surroundings by means of heat conduction and heat radia-
tion. The heat conduction and heat radiation additionally act
on the regions of the inner side of the wall ring not covered
by the heating element, and, 1n particular, rapidly heat the
surface of the mnner side of the wall ring that borders on the
heating element. In this way, the formation of ice on the
inner side of the wall ning, 1n the relevant surface region, 1s
prevented, without the wall ring having to be completely
covered with the heating element. Furthermore, the air 1n a
gap between wall ring and fan blades and the ends of the fan
blades are heated by means of the heat radiation of the
heating element. This additionally prevents ice formation at
the ends of the fan blades.

In an embodiment of the mvention, the electrically con-
ductive heating layer of the heating element 1s configured as
an electrically conductive lacquer, particularly as a CNT
lacquer having carbon nano-materials. In this way, the
heating element can be applied 1n particularly simple man-
ner, by means ol a varnishing process during production of
the wall rning, particularly also on complex surface struc-
tures. Furthermore, the heating element can be applied in
particularly thin manner, so that the air stream within the
wall ring and the movement of the blades 1s not influenced
or only influenced to a negligible extent. The lacquer layer
according to the invention allows particularly uniform and
arca-wide heating of the wall ring. Furthermore, such a
heating element 1s particularly energy-eflicient, so that a
reduction of the required heat energy, particularly to as low
as between 0.5 W and 12 W, 1s possible.

Alternatively, the electrically conductive heating layer of
the heating element 1s configured as an electrically conduc-
tive adhesive tape, particularly having a layer of carbon
nano-materials. This allows simple and cost-advantageous
installation of a heating element by means of manual or
mechanical adhesive attachment, particularly also after the
fact, on a wall ring of a fan that has already been installed.

For a further embodiment of the invention, the heating
clement covers only a partial region of the 1nner side of the
wall ring that runs in the circumierential direction and/or
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runs only over a partial region of the inner side of the wall
ring that runs in the axial direction. This makes it possible,
on the one hand, to save material costs, in that only the
partial regions of the wall ring that are critical for protection
against 1cing are covered by the heating element, and, on the
other hand, to adapt the energy demand to specific sizes of
the wall ring and/or operating parameters of the fan for
which the wall ring 1s 1intended.

In an embodiment of the invention, the heating element
has contacting by means of contact elements on 1ts side
edges that run 1n the axial direction, so that the direction of
an electric current flowing through the heating element faces
in the circumierential direction of the wall ring.

In an alternative embodiment of the invention, the heating
clement has contacting by means of contact elements on 1ts
side edges that run in the circumierential direction, so that
the direction of a current that flows through the heating
clement faces 1n the axial direction of the wall ring.

In particular, 1n an embodiment of the invention, multiple
heating elements are disposed distributed on the nner side
of the wall rning, facing the fan wheel, and their contact
clements are connected 1n parallel or 1n series. This allows
particularly flexible and energy-optimized positioning of the
heating elements for a specific use of the fan, with the lowest
possible material expenditure for the heating element.

In an embodiment of the invention, the heating element 1s
designed for a low voltage between 3 V and 60 V, particu-
larly for 12 V or 24 V. This has the advantage that the risk
of spark formation or electric shocks at a higher line voltage
1s avoided.

Further details, characteristics, and advantageous further
developments of the mvention are evident from the follow-
ing exemplary embodiment, described below and shown 1n
the drawing, as well as from the dependent claims. The
drawing shows:

FIG. 1 a sketch-like representation of a fan having a wall
ring according to the ivention,

FIGS. 2 to 7 different wall rings 1n alternative embodi-
ments.

In the different figures of the drawing, the same parts are
always provided with the same reference symbols.

With regard to the following description, it 1s explicitly
emphasized that the invention 1s not restricted to the exem-
plary embodiments, and, in this connection, not to all or
multiple characteristics of combinations of characteristics
that are described; instead, each individual partial charac-
teristic of the/each exemplary embodiment can also have
inventive significance in and of 1tself and also 1n combina-
tion with any desired characteristics of another exemplary
embodiment, as well as also independent of the combina-
tions of characteristics and antecedents of the claims.

In FIG. 1, a wall ring 1 for a fan 1s shown. In the
assembled state of the wall ring 1, a fan wheel 5 of the fan
6 1s situated within the wall ring 1, as shown. The wall ring
1 particularly has a cylindrical basic shape and an inner side
2 that faces the fan wheel 5. A heating element 3 for heating
the wall ring 1 1s disposed on the inner side 2 of the wall ring
1, which faces the fan wheel 5. The heating element 3
comprises an electrically conductive heating layer. In the
embodiment shown, the heating element 3 does not cover
the entire surface of the iner side 2, but rather only a partial
region ol the inner side 2 of the wall nng 1. In this
connection, the heating element 3 covers a partial region of
the 1mner side 2 that runs 1n the circumierential direction
and/or a partial region of the inner side 2 that runs n the axial
direction. Alternatively, 1t 1s also possible that the entire
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4

region of the inner side 2 1s covered 1n the circumierential
direction and/or the axial direction.

The electrically conductive heating layer of the heating
clement 3 1s configured as an electrically conductive lacquer
in a preferred exemplary embodiment. The lacquer 1s par-
ticularly produced as a CNT lacquer and comprises carbon
nano-materials. Alternatively, the electrically conductive
heating layer of the heating element 3 1s configured as an
clectrically conductive adhesive tape. In this case, the adhe-
s1ve tape particularly comprises a CN'T lacquer layer having
carbon nano-materials.

Fundamentally, the size and the positioning of the heating,
clement 3 can be different, depending on the application
parameters, whereby for cost reasons, the heating element 3
covers smallest possible surface and i1s configured as the
thinnest possible layer. In this connection, the heating output
must allow suflicient protection against icing. In the exem-
plary embodiment shown, the heating element 3 covers
approximately one third of the circumierence of the 1nner
side 2 of the wall nng 1. In this connection, the heating
clement 3 1s positioned 1n such a manner that it 1s situated
where 1cing would predominantly occur in the operating
state of the fan 6.

In the embodiments 1 FIGS. 1, 2, §, and 6, the heating
clement 3 has contacting by means of contact elements 4a on
its side edges that run in the circumierential direction, so that
the direction of a current that flows through the heating
clement 3 faces in the axial direction of the wall ring 1.

In the embodiments 1n FIGS. 3, 4, and 7, the heating
clement 3 has contacting by means of contact elements 4 on
its side edges that run 1 the axial direction, so that the
direction of a current that flows through the heating element
3 faces in the circumierential direction of the wall ring 1.

As shown 1n FIGS. 4, 5, 6, and 7, it 1s also possible that
multiple heating elements 3 are disposed distributed on the
inner side 2 of the wall ring 1, and that 1ts contact elements
4, 4a are connected 1n parallel or 1n series. Alternatively, the
heating element 3 can cover the entire circumiference of the
inner side 2 of the wall ring 1, 1mn the circumierential
direction, with the exception of an insulation gap that runs
axially. By means of distributing the heating elements 3 over
the circumierence of the wall ring 1, protection against icing,
1s made possible independent of the installation position of
the fan 6.

The heating element 3 1s designed for a low voltage
between 3 V and 60 V, particularly for 12 V or 24 V.

By applying an operating voltage to the wiring of the
heating element 3, current flows through the heating element
3, which thereby heats up, thereby preventing i1ce formation
in the region of the heating element 3. Furthermore, heat 1s
given oil by the heating element 3 by means of heat
conduction and heat radiation, 1into the surroundings of the
heating element 3, particularly to the surface of the inner
side 2 of the wall ring 1. The heating element 3 1s positioned
on the inner side 2 of the wall ring 1 1n such a manner that
the heating element 3 covers the region of the inner side 2
at which 1cing would predominantly occur in the operating
state of the fan 6.

The mvention 1s not restricted to the exemplary embodi-
ments that are shown and described, but rather also covers
all the embodiments that have the same eflect 1n the sense of
the invention. It 1s explicitly emphasized that the exemplary
embodiments are not restricted to all the characteristics 1n
combination, but instead, each individual partial character-
istic can also have iventive significance on 1ts own, sepa-
rate from all the other partial characteristics. Furthermore,
the invention has also not been restricted to the combination
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ol characteristics defined in each independent claim, until
now, but rather can also be defined by any other desired
combination of specific characteristics of all the individual
characteristics disclosed 1n total. This means that fundamen-
tally, practically any individual characteristic of each inde-
pendent claim can be left out or replaced with at least one
individual characteristic disclosed at another point in the
application. In this regard, the claims should be understood
as being merely a preliminary formulation attempt for an
invention.

The 1nvention claimed 1s:
1. A wall ring for a fan having a fan wheel, comprising at
least one heating element for heating the wall ring;
wherein the heating element comprises an electrically
conductive heating layer that 1s disposed on an 1nner
side of the wall ring that faces the fan wheel;
wherein the electrically conductive heating layer of the
heating element 1s configured as an electrically con-
ductive CNT lacquer having carbon nano-materials;
and
wherein the heating element has contact elements on side
edges that run 1n the axial direction, so that the direc-
tion of a current tlowing through the heating element
faces 1n the circumierential direction of the wall ring.
2. The wall ring according to claim 1, wherein the heating,
clement covers a partial region of the inner side of the wall
ring that runs in the circumierential direction.
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3. The wall ring according to claim 1, wherein the heating,
clement covers a partial region of the inner side of the wall
ring that runs in the axial direction.
4. The wall ring according to claim 1, wherein multiple
heating elements are disposed distributed on the inner side
of the wall rning, facing the fan wheel, and their contact
clements are connected 1n parallel or 1n series.
5. The wall ring according to claim 1, wherein the heating
clement 1s designed for a low voltage between 3 V and 60
V.
6. A fan comprising the fan wheel and the wall ring
according to claim 1,
wherein the wall ring encloses the fan wheel of the fan.
7. A wall nng for a fan having a fan wheel, comprising at
least one heating element for heating the wall ring;
wherein the heating element comprises an electrically
conductive heating layer that 1s disposed on an 1nner
side of the wall ring that faces the fan wheel;

wherein the electrically conductive heating layer of the
heating element 1s configured as an electrically con-
ductive CNT lacquer having carbon nano-materials;
and

wherein the heating element covers the entire circumfier-

ence of the mner side of the wall ring, 1n the circum-
ferential direction, with the exception of an isulation
gap that runs axially.
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